Cyclomaltodecaose (ε-cyclodextrin, ε-CD) is a cyclomaltoses comprising ten α-1,4-linked glucopyranose units, and is a kind of large-ring CDs. Recently, we isolated and purified it from a commercially available CD powder produced by cyclodextrin glucanotransferase 1 , and subsequently reported on the crystal structure of ε-CD crystallized from acetonitrile-water at ambient temperature.
whether ε-CD crystallized from acetonitrile-water have acetonitrile molecules in the cavity. In this report, the crystal structure of ε-CD determined by X-ray crystallographic analysis at 203 K is presented.
Crystals of ε-CD were grown by diffusing acetonitrile into an aqueous solution of ε-CD at 293 K. The crystal was sealed in a glass capillary, and all measurements were made on a Rigaku RAXIS-IV imaging plate area detector at 203 K. The crystal and experimental details are given in Table 1 , and the final atomic parameters for the non-H atoms are listed in Table 2 . The molecular structure of ε-CD, drawn by ORTEP 4 with glucopyranose numbering, is shown in Fig. 1 . The molecule has two-fold crystallographic symmetry, and the asymmetry unit contains five glucopyranose units. The macrocyclic ring is folded into a saddle-like shape; that is, the glycosidic oxygen atoms (O4) connecting neighboring glucopyranose units by α-1,4-linkage are not on a lateral plane, such as in the conventional α-, β-and γ-CD. However, the O4-O4 distances between the adjacent glucopyranose units are in the range from 4.31 to 4.63 Å, and the average value of 4.5(1)Å is in good agreement with that of γ-CD. The O6 atoms in G1 and G4 are disordered. The average bond distances, angles and torsion angles for five glucopyranose units are given in Table 3 . The endo-cyclic torsion angles of the glucopyranose ring are in good agreement with those of smaller CDs. On the other hand, G3 and G4 are not in cis arrangement where the primary hydroxyl groups are located in the same side. That is, a marked difference is observed in the conformation of the glycosidic linkage. Intramolecular hydrogen bonds are formed between an O2 hydroxyl group and O3 of the adjacent glucopyranose unit in α-, β-and γ-CD. In ε-CD, the same intramolecular hydrogen bonds are observed between the glucopyranose unit, except for between G3 and G4, and G2 and G3. Hydrogen bonds between G3 and G4 are formed between O3G4 and O6G3. G2 and G3 do not have a hydrogen bond. A crystal of ε-CD crystallized from acetonitrile-water had 26.26 water molecules, but no acetonitrile molecule. It suggests that ε-CD could not form the inclusion complex with small molecules such as acetonitrile, in contrast to α-, β-and γ-CD. However, the stacking of the molecule produces a continuous vacant channel formed by the intramolecular cavity along the two-fold axis. Therefore, ε-CD might be able to form inclusion complexes with bulky guests not included in α-, β-and γ-CD.
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